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WIRELESS COMMUNICATION NETWORK MEASUREMENT DATA COLLECTION 
USING INFRASTRUCTURE OVERLAY-BASED HANDSET LOCATION SYSTEMS 



CROSS REFERENCES 

[0001] The present application is co-pending witti and claims priority benefit of U.S. 
provisional application entitled "Geolocation of Mobile Appliances" S.N. 60/418342 and filed 
on October 16, 2002,.the entirety of which is incorporated herein by reference. 

[0002] The present application is related to and concurrently filed with applications titled 
"A NETWORK OVERLAY GEO-LOCATION SYSTEM WITH SMART ANTENNAS AND 
METHOD OF OPERATION" SN #, "A SYSTEM AND METHOD FOR ENHANCING THE 
ACCURACY OF A LOCATION ESTIMATE" SN #, "NETWORK OVERLAY LOCATION 
SYSTEM AND METHOD FOR AIR INTERFACE WITH FREQUENCY HOPPING" SN #, "A 
SYSTEM AND METHOD FOR ESTIMATING THE MULTI-PATH DELAYS IN A SIGNAL 
USING A SPATIALLY BLIND ANTENNA ARRAY, SN#, and "SYSTEM AND METHOD 
FOR OPERATING A NETWORK OVERLAY GEO-LOCATION SYSTEM WITH 
REPEATERS" SN #, filed October 16, 2003, the entirety of each of these appUcations is 
incoxporated herein by reference. 



BACKGROUND 

[0003] The disclosed subject matter allows test and measurement data to be generated 
from a geo-location overlay network in a host wireless conomunication system. 

[0004] The use of wireless communication devices such as telephones, pagers, personal 
digital assistants, laptop computers, etc., hereinafter referred to collectively as "mobile 
appliances" or "mobiles", has become prevalent in today's society. Recently, at the urging of 
public safety groups, th^e has been increased interest in technology which can detamine the 
geographic position, or "geo-locate" a mobile appliance in certain circumstances. For example, 
the Federal Communication Commission (FCC) has issued a geo-location mandate for providers 
of wireless telephone communication services that puts in place a schedule and an accuracy 
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Standard under which the providers of wireless conununications must implement geo-location 
technology for wireless telephones when used to make a 911 emergency telephone call (FCC 94- 
102E911). 

[0005] In addition to E9 11 emergency related issues, wireless telecommunications 
providers are developkig location-enabled services for their subscribers including roadside 
assistance, tum-by-tum driving directions, concierge services, location-specific billing rates and 
location-specific advertising. 

[00061 To support FCC E91 1 rules to locate wireless 91 1 callers, as well as the location 
cabled services, the providers of wireless communication services are installing mobile 
appliance location capabilities into their networks. In operation, these network overlay location 
systems take measurements on RF (Radio Frequency) transmissions from mobile appliances at 
base station locations sxirroimding the mobile appliance, and estimate the location of the mobile 
appliance with respect to the base stations. Because the geographic location of the base stations 
is known, the determination of the location of the mobile £^pliance with respect to the base 
station permits the geogr^hic location of Hhe mobile appliance to be determined. The RF 
measurements of the transmitted signal at the base stations may include, but are not limited to, 
the time of arrival, the angle of arrival, the signal power, or the uniqu^repeatable radio 
propagation path (radio fingerprinting) derivable features. In addition, the geo-location systems 
can also use collateral information, e.g., information other than that derived for the RF 
measurement to assist in the geo-location of the mobile appliance, for example, location of roads, 
dead-reckoning, topography, map matching, etc. 

[00071 In a netwoik-based geo-location system, the mobile appliance to be located is 
typically identified and radio channel assignments determined by (a) monitoring the control 
information transmitted on a radio chamel or wireline interface that is part of the wireless 
commimication system for telephone calls being placed by the mobile appUance to detect calls of 
interest, e.g., 911 calls, (b) a location request provided by a non-mobile appliance source, e.g., an 
enhanced sendees provider. Once a mobile appliance to be located has been identified and radio 
chamel assigimients determined, the location determining system is first tasked to determine the 
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geo-location of the mobile appliance, and then directed to report the determined position to 
requesting entity or enhanced services provider. 

[0008] The monitoring of the RF transmissions fiom the mobile a^jpUance or wireline 
interfeces containing call setup or channel assignment information to identify calls of interest is 
known as 'tipping", and generally involves recognizing a call of interest being made from a 
mobUe appUance and collecting the call setup information. Once the mobile appliance is 
identified and the call setup information is collected, the location determining system can be 
tasked to geo-locate the mobile ^pliance. 

[0009] Figure 1 shows a conventional mobile-^pliance communication system having a 
mobile switching center 45 connected by wire lines 41 to base stations 10 a-c for conmiunicating 
with a mobile ^pliance 20. Each base station 10 generally comprises signal processing 
equipment and an antemia for transmitting to and receiving signals from the mobile appliance 20 
as well as communicating with other base stations and one or more centrally located control and 
processing stations (not shown). A mobile appliance location detennining sensor 30 a-c (i.e., 
geo-location sensor, or wireless location sensor "WLS", etc.) may be positioned at some or all of 
the base stations 10 to determine the location of a mobile appUance 20 within the signal coverage 
area of the communication system. 

[001 OJ A network overlay geo-location system is gaierally composed of two main 
components, one that resides at the base station that makes measurements on flie RF signal 
emanating from the wireless device, the wireless location sensor (WLS) 30 and one that resides 
at the mobile switch that tasks the geo-location sensor groups to collect data and then uses the 
data to compute a location estimate, this latter component is generally referred to as the Geo- 
location Control System (GCS) 50 and is comiected to the mobile positioning center MPC 40. 

[0011] Figure 2 is a flow chart illustiation a typical geo-location process 200. In flie 
normal course of operation, the GCS may be tasked by an outside entity to generate a location 
estimate on a particular mobile ^pliance in block 210. The tasking typically is acconq>anied by 
information on the mobile of interest which may include the serving base station and sector for 
the caU and tiie RF channel (frequency, time slot, CDMA code, etc.) being used by the wireless 
communications network to complete tiie wireless cormection. Once the GCS receives this 
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tasking, based on the serving sector, it tasks a set of WLS units proximate to the serving sector or 
serving base station to detect the signal from the target mobile appUance in block 220. The set of 
WLSs make measurement on the RF emission of the mobile appliance's signal, as indicated by 
block 230. The WLS units then report the measurements to the GCS. The GCS then computes a 
location estimate typically using some mathematical or data matching algorithm, as represented 
in block 240, and reports the estimated location to the requesting entity, as indicated in block 
250. ]h an alternative embodiment, control channels/information on either RF or wireline links 
used to set up calls in the wireless network can be scanned to detect the placement of a call of 
interest The signaling that occurs on the control chaimel can be used to determine location, or 
RF traffic channel parameters can be extracted from the control channel messaging to determine 
which traffic chaimel to use for location related measurements. 

[0012] Network overly location systems typically locate a mobile appliance on the traffic 
channels of a wireless network. The systems typically use sensors employing techniques of time 
difference of Arrival (TDOA) supplemented with Angle of Arrival (AOA) in some cases to 
perform a multi-site location computation. The traffic channel information is provided through a 
separate process, with one option being a wire line interface (Figure 1) providing MOBINFO 
(IS-41 Mobile Information) parameters passed by the Mobile Positioning Center 40 (MFC) 
(Figure 1) as part of the GPOSREQ (J-STD-036 Geo-location Position Request) message 

[0013] (Iterators of commercial wireless communication networks, as do most network 
operators, need to determine the performance of their wireless networks to effect repairs, plan 
expansion and adjudicate customer complaints. The current state of the art for coUection of this 
data is to perform drive testing with a specialized drive test imit comprised of a test mobile 
telephone, GPS receiver, and data storage capabiUty such as a laptop computer. Calls are placed 
from the test mobile and data is collected from an interface port on the phone. The collected data 
is composed of information related to the operation of the phone in the wireless network and 
typically includes received and transmitted power levels, handover status, data transmission 
quality (e.g., bit error rates, frame error rates), etc., along with location and time stamping. Hie 
drive test process produces data on flie operation of the test mobile only and signals received at 
the test mobile. Thus, the performance of the reverse link and its associated merit parameters are 
not captured. Additionally, a technician is required to perform the drive testing. The prior art 



4 



wo 2004/036361 



PCT/US2003/032583 



GRA26 002 

method also introduces dedicated calling traffic to the network and resxilts in an additional 
associated system load. Yet other prior art used data collected at the Mobile Switch for these 
purposes. This method is generally of poor value given the collected measurements caimot be 
referenced to a mobile phone actual location, and oidy to a serving sector (this is the granularity 
with which Hio mobile switch knows the location of a mobile). 

[0014] Geo-location systems, like the one illustrated in Figures 1 and 2, when not being 
tasked to locate a mobile appliance for emergency or other location-based services, are 
effectively in an idle mode. The tasking duty cycle can vary depending on what uses are being 
made of the location data. For E91 1 purposes, the efiTective utilization of the location network is 
low. With other location enabled value added services, the use may be higher, depending on the 
service. A service providing tum by turn instructions to a motorist would likely be higjier than a 
service that provides road side assistance. 

[0015] The disclosed subject matter utilizes this excess edacity of the location network 
to generate test and measurement data. An additional embodiment gathers test and measurement 
data on the actual E91 1 calls, or on any calls being located for other value added services. 

[0016] Thus is it an object of the disclosed subject matter to obviate the deficiencies of 
the prior art and provide in a geo-location system the ability to collect test and measurement data 
normally associated with drive testing methodology automatically and with no manual labor 
component, without adding any dedicated calling traffic to the network. The disclosed niethod 
and apparatus also enables the ability to collect both forward and reverse link data for a given 
wireless connection with installation of equipment at reverse link sites only. Another benefit of 
the disclosed subject matter is the ability to operate a continuous background task for network 
overlay location which does not burden the network. 

[0017] These objects and oHi&r advantages of the disclosed subject matter will be readily 
£Q)parent to one skilled in the art to which the disclosure pertains firom a perusal or the claims, the 
appended drawings, and the following detailed description of the preferred embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Figure 1 is an illustration of a prior art wireless conununication system with a 
network overlay geo-location system. 

[0019] Figure 2 is a flow chart illustration a prior art geo-location process. 

[0020] Figure 3 is a flow chart illustrating a method for collecting test and measurement 
data during requested geo-location according to an embodiment of the disclosed subject matter. 

[0021] Figure 4 is a flow chart illustrating a method for collecting test and measurement 
data in a self initiated manner according to an embodiment of the disclosed subject matter. 

[0022] Common elements are identified with similar reference mmober where 
advantageous. 
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DETAILED DESCRIPTION 

[0023] Figure 3 illustrates an embodiment of a disclosed mefliod 300 for collecting 
system information while in the process of generating location estimates for mobile devices as 
requested from a mobile positioning center or other independent requestor. The information 
collected can then be feshioned to serve the needs of wireless networic operators for test and 
measurement data. 

[0024] In block 21 0 as discussed with relation to Figure 2, the geo-location system 
receives a request to locate a target mobile ^pliance along with mobile information. In block 
220, the GCS, based on available information about the target mobile, tasks selected geo-location 
sensors to detect the mobile appliance's signal using channel infoimation included in the mobile 
information. The geo-location sensors selected are typically in the vicinity or proximate to the 
serving sector or base station. In block 230 the geo-location sensors measure geo-location 
parameters such as TOA, AOA or other signal parameteis which assist in estimating flie location 
of the target mobile appliance. The geo-location sensors may also measure and collect signal 
quaUty parameters, such as received signal strength (RSSI) and carrier to interference ratio (C/T) 
as represented in block 360. 

[0025] One of the selected geo-location sraisors (WLS), which may be in the serving 
sector for the target mobile ^pKance, is further tasked to c^ture a signal sample from flie 
mobile ^liance in block 370. The time duration for tiie signal san^le is selected to be 
sufficient to c^ture instructional data which typicaUy includes handofif assistance infoimation 
measured by the mobile. This handoff assistance information is normally contained in IMAHO 
(mobile assisted hand ofiO messages. The appropriate sample length may be detemiined from the 
frequency in which the instructional data is repeated in a transmission, which is specified for the 
air interface standard employed by the mobile appliance such as IS-136, GSM, CDMA, etc. The 
hanfiofif assistance information typicaUy includes received signal strength (RSSI) on the forward 
link from the serving base station as weU as from one or more neighboring base stations. In prior 
art systems, this information was only available to system operators tiirough a test drive with a 
technician operating a specially designed mobile as discussed previously. 
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[0026] The signal sample containing the instrumentation data can be demodulated and 
decoded by a designated primary geo-location sensor to extract the data as indicated by block 
380, transmitted back to the GCS for extracting the information, or stored as a file for later 
processing. 

[0027] The WLSs relay the geo-location parameters, the measured signal quality 
parameter and other collected data to the GCS. The GCS, iising the geo-location parameters, 
calculates an estimated location for the target mobile, at block 240, and reports the mobile's 
location to the requesting entity, as indicated in block 250. Information such as the mobile*s 
location, the signal quality parameters measured by the WLS, the instrumentation data or signal 
sample and time stamp, are then stored in a database, as shown in block 390. This stored 
information represents substantially simultaneous forward and reverse signal quality parameters. 
These linked parameters are not available though the prior art test drive method. 

[0028] In the embodiment illustrated in Figure 3, the system acquires test and 
measurement data only for those base stations or sectors involved in the location of the mobile 
based on an external request. While tasking requests may ultimately be uniform across the 
network, short or long term eccentricities in the data, or lack-there-o^ are sure to occur, resulting 
in some areas of the network being over-laden with data while other areas only have sparse data. 
As discussed earlier, the disclosed subject matter makes use of the "downtime" or idle periods to 
direct data collection across the network, thus providing test and measurement data to those data 
starved areas of the network by focusing on specific sectors or network regions. This self 
directed data collection may also be used as the sole source of test and measurement data for the 
network. The embodiment shown in Figure 4 rq>resents self directed data collection process. 

[0029] With reference now to Figure 4, upon the geo-location system entering into an 
idle state, i.e., when the geo-location system is not attempting to geo-locate a mobile appliance in 
response to tasking firom an external source, the geo-location system may begin a self-directed 
test and measurement data collection process. From the idle state 401, the geo-location system 
determines, at block 402, if there are any location requests for the system to process. If a 
location request is present, then the geo-location system comes out of the idle state and proceeds 
with either the geo-location process 200 as described with reference to Figure 2 or with the geo- 
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location piggy-backed with data collection process 300 as described with reference to Figure 3. 
If the system is not being tasked with a location request, (i.e., the geo-location system is in an 
idle state) then the GCS selects a probe search site at block 403. It is to be understood by those 
of skill in the art that if the geo-location system receives a location request task at any point 
during the process shown in Figure 4, the geo-location system stops generating test and 
measurement data until the location request is satisfied. Once the location request is satisfied, 
the geo-location system then resumes test and measxirement data coUection until another external 
task is received, as indicated by block 499. The probe search site selection by the GCS 
comprises desig n a t i ng a WLS (and generally one sector of a base station site being serviced by 
the WLS) as the probe search site. The probe site may be selected as part of a systematic 
schedule in which data is collected in a routine maimer, moving across the network sequentially 
from one probe site to the next probe site. As appreciated by those of skill in the art, any method 
of data collection scheduling may be used and is contemplated by the present disclosure. As 
non-limiting examples, the schedule of data collection may be based on first designating those 
sectors with sparse measurement data, or the schedule may be a random walk flurough the 
network regardless of the amount of data known about a particular sector, or the schedule may be 
based on sectors or WLSs chosen at random, or any other scheduling method The selection 
methodology can be pre-progranmied, queued by an alarm or be established on the fly through a 
real time interface by an operator. Generally the selection methodology can cover entire market 
or targeted areas. 

[00301 Continuing with the description of this embodiment of the disclosure, at block 
404, the WLS at the probe site begins to scan in frequency/time slot/code to detect an active 
mobile operating within its sector to serve as a source for test and measurement data. The 
firequency/time slot/code information may be based on known operating parameters for the 
network or specific information from the GCS. 

[0031] Once a mobile (the **probe mobile") is detected, the WLS determines the 
reception quality for the probe mobile's signal by testing, for example, received signal strength 
(RSSI), bit error rate (BER), frame error rate (FER), etc., at block 405. If the WLS detemiines 
that the probe mobile's signal is being received with sufficient quality, then the WLS informs the 
GCS that an acceptable mobile signal has been received. This determination may be based on a 
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comparison of the signal quality parameters of the probe mobile to a threshold. As will be 
understood by those of skill in the art, the WLS may detect a probe mobile located in a sector 
other than a sector of interest, and if the probe mobile's signal quality exceeds the threshold, the 
Ukelihood of fihe probe mobile being located in the sector of interest is improved. If the piobe 
mobile's signal quality is not acc^table, the WLS will continue to scan for another active 
mobile applkaux. 

[0032] The GCS operates on the information tiiat a probe mobile signal has been 
received in a manner sunilar to the situation where the GCS receives information during external 
location request tasking, i.e., the GCS chooses a set of WLS units in the area that surrounds the 
probe search site (and/or the probe mobile) and requests that RF measurements be made as 
shown in block 220. However, since the GCS is in test data collection mode and not operating in 
response to a tasked request, the operator is fiee to experiment with different search and selection 
protocols, which adds additional flexibility to the test and measurement scheme. These may 
include increasing the number of tasked WLS units to collect more comprehensive test data at 
distant neighbor sites to the serving sector site. 

[0033] The tasked WLS units make RF measurements on the piobe mobile includin& but 
not limited to, geo-location parameters, block 230, and signal quality parameters, block 360. 
The signal quality measurements may include, but are not limited to, recdved carrier to 
interference ration(C/I) and received signal strength (RSSI). These and other measurements are 
passed to the GCS is the same manner as if in a standard mobile location scenario. 

[0034] Additionally, the primary site (the serving sector WLS) receives and stores a 
segmoit of RF transmission from the probe mobile, at block 370, and demodulates and decodes 
the segment to find any instrumentation data that may be present, at block 380. The length of the 
stored segment, as discussed previously, is chos^ so that the desired data will likely be present. 

[0035] The instrumentation data of interest typically includes handoff assistance 
information measured by the mobile and provided to the network to manage site to site handofis. 
This data routinely comprises measurement data made by the mobUe on neighbor cell sites 
(typically RSSI measurements on forward link transmissions from the neighbor cell sites). This 
data is forwarded to the GCS by the primary WLS. As referred to in the discussion of Figure 3, 
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an actual signal sample may also be relayed to the GCS where it is demodulated and decoded as 
needed or where processing functions are more readily available. 

[0036] The GCS completes the normal location estimation process using measurements 
from participating WLS units in block 240. The GCS adds this test and measurement record to a 
database in block 390. The data in the record may include, but is not limited to, the location of 
the probe mobile, the time of the measurement, the C/I and RSSI data at the serving and 
neighboring cells for the reverse Imk, and the RSSI for neighboring cells for the forward KnV 

[0037] While the step elements shown in Figure 4, as well as in Figure 3, are shown as 
proceeding in series or parallel in relation to each other, the steps relating to measuring the RF 
signals, namely 230, 360 and 370 need not necessarily be carried out according to the 
relationship shown. The geo-location system constantly monitors for a location request and 
aborts the self directed data collection at any time a request is received and does not restart the 
self directed collection again until the location request has been satisfied as indicated by block 
499. 

[0038] Using the above-described test and measurement method, large amounts of test 
and measurement data for the network can be collected thereby generating a comprehensive, near 
simultaneous view of operation of the network for wireless carrier purposes. The selection of the 
probe search site can also be accomplished by any of a number of methods, and the designation 
of the desired neighbor sets can also be chosen by any of a number of diff<^mt methods, 
including designating experimental neighbor sets. The probe search sites can be general and 
cover the entire network, or focused on specific areas of interest. The probe search sites may be 
chosen in accordance with an a priori plan or on flie fly with a real time command interface. The 
neighbor lists for measurements can be generated based on the handoffneighbor list, or by a 
distance algorithm from the serving sector, or any other predetermined or user-interface on the 
fly method. The collected test and measurement data can be stored in a database, or simple file 
for batch review, or output on a real time interface to a test and measurement analysis tool, or 
any other application or display method known in the art. The data can also be formatted to 
match existing industry drive test tool formats so that existing testing and measurement analysis 
tools can be used. 
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[0039] While preferred embodiments of the present inventive system and method have 
been described^ it is to be understood that the embodiments described are illustrative only and 
that the scope of the embodiments of the present inventive system and method is to be defined 
solely by the appended claims when accorded a full range of equivalence, many variations and 
modifications naturally occurring to those of skill in the art firom a perusal hereof. 
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